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1 Introduction 

Psychological studies have suggested that 
phonological and semantic processes may occur 
when we read words covertly. Magneto¬ 
encephalography (MEG) enables delineation of the 
time course of cortical neural activation with high 
spatio-temporal resolution. We previously studied 
the brain activities in the temporal lobe associated 
with word recognition using a 37-ch bilateral 
SQUID system. In that work [1], we used a visual 
word categorization task, in which subjects were 
instructed to quickly judge whether nouns composed 
of three Japanese kana letters were abstract or 
concrete words. The results indicated that the main 
neural activities occurred at 0.29-0.52 sec in the 
medial inferior-to-superior and lateral superior 
region of the left temporal cortex and that these 
activities may be associated with a phonological 
and/or lexico-semantic process required in word 
comprehension. Although such notion is supported 
by the results of other MEG [2] and functional 
imaging studies [3], the role of the temporal 
activities is still not clear. 

In order to highlight the areas involved in the 
phonological process, we compared the responses 
obtained in two tasks. We measured the whole brain 
activities using a 204-ch SQUID system. In the first 
experiment, MEG recordings were made while 
subjects engaged in a visual word categorization 
task, which was used in our previous study. In the 
second experiment, the subjects participated in a 
word composition task, which is thought to require 
more phonological manipulation than that required 
in the categorization task. 

2 Methods 

2.1 Subjects and tasks 

Eight right-handed healthy subjects (21-34 years 
old) participated in two experiments. Informed 
consent was obtained from all of the subjects after 
explanation of the experiments. Two cognitive tasks 
were prepared, and the subjects performed both 
tasks successively on the same day. 

The stimuli used in each experiment were nouns 
composed of three Japanese kana letters, which were 


selected from the database of frequently used words 
in fundamental education in Japan. Each Japanese 
kana letter represents a monosyllabic sound. The 
words were presented on a screen set up in front of 
each subject, and the words were arranged vertically 
at a visual angle of about 2-degrees. The subjects 
were instructed to fix their eyes at the center of their 
visual field during the MEG recording and to reply 
their answer immediately with key-press by the left 
finger (Fig. 1). 



In experiment I (categorization task: Exp.I), subjects 
were instructed to judge quickly whether the word 
displayed on the screen (for 0.5-0.9 sec) was an 
abstract or concrete noun, and to immediately press 
one of two keys (left key for concrete word and right 
key for abstract word). This task was the same as 
that used in our previous study [1], As soon as the 
key had been pressed, the word was replaced with 
randomly distributed dots of equivalent luminance. 
The next word was displayed on the screen after an 
interval of 3.0-4.0 sec. Each subject performed 150 
trials. 

In order to facilitate the phonological process, we 
designed a task that would require more 
phonological manipulation (word composition task: 
Exp.II). The stimuli consisted of three Japanese kana 
letters, which were made by changing the order of 
kana letters in selected nouns and therefore had no 










meaning. Each of these stimuli were displayed on 
the screen for the shortest possible time in which 
each subject could read the letters (0.20-0.25 sec) 
and then replaced with randomly distributed dots. 
The subjects were instructed to read the letters once 
covertly and then to compose a word by changing 
the order of the three characters covertly 
(phonologically, not graphically). They responded 
by pressing a key immediately after they had 
composed a word. The next string of letters was 
displayed on the screen 4.0-5.0 sec after the subject 
had pressed the key. Each subject performed 200 
trials. Figure 1 shows the time course of each task. 

2.2 MEG recording and analysis 

MEG responses were measured in a magnetically 
shielded room using a whole head 204-ch SQUID 
system (Neuromag Co., Ltd.) while the subject lay 
on a bed looking at the stimuli and performing the 
cognitive task. The MEG responses were recorded 
for a period of 2.5 sec from 1.0 sec prior to the 
display of the word in Exp.I and for a period of 7.0 
sec from 2.0 sec prior to the display of the string of 
letters in Exp.II at a sampling rate of 300 Hz and 
bandwidth of 0.03-100 Hz. The key-press time 
(reaction time: RT) was also recorded 
simultaneously. The magnetic responses were 
averaged by time locking at the time the kana letters 
were displayed. The averaged MEG responses were 
filtered to 0.3-20 Hz, and the dc offset was removed 
using a time-average during a 1.0-sec period before 
display of the characters. 

Single or multiple equivalent current dipoles (ECDs) 
were calculated using a selected subset of sensors 
for latency ranges with high signal-to-noise ratio and 
stable dipolar field patterns lasting for more than 
0.02 sec. The obtained ECDs were accepted when 
the following conditions were satisfied: (1) 
goodness-of-fit > 0.90, (2) confidence volume < 
0.25 cm 3 (for single ECDs), (3) dipole moment < 50 
nAm, and (4) stable for > 0.20 sec. The location of 
the selected ECDs was superimposed on the 
anatomical structure of MR images of individual 
subjects. 

3 Results 

In almost all trials, key-responses were obtained in 
less than 1.2 sec in Exp.I, whereas the RT was 
distributed in Exp.II. The maximum frequency 
ranges of RT were 0.68-0.70 (SD: 0.02) sec in Exp.I 
and 1.05-1.17 (SD: 0.44) sec, except two subjects 
who showed more than 1 sec longer RT, in Exp.II, 
respectively. It is thought that the trials in which the 


RT was within the maximum frequency range 
contributed mostly to the MEG responses. 

The RT of all subjects mostly exceeded 0.5 sec and 
0.8 sec in Exp.I and Exp.II, respectively. We 
hereafter describe the MEG components in latencies 
of less than 0.6 sec and 0.8 sec in Exp.I and Exp.II 
that may not be affected by the motor activities 
associated with key-press. 

Bilateral MEG responses were observed in all 
subjects at latencies of 0.1-0.8 sec, where 2 to 8 
reliable ECDs were obtained in each hemisphere. 
These sources from all subjects were superimposed 
on a schematic figure of the brain in Fig. 2. 

Initial activities were observed from about 0.1 sec in 
both experiments in the left occipital cortex, mostly 
in the extra-striate visual areas, which consist of the 
calcarine fissure, the fusiform gyrus, and the 
posterior inferior temporal cortex. These activities 
lasted until 0.32 sec (3 of 8 subjects). In Exp.II, 
activities in the left occipital cortex were also 
observed after 0.3 sec. In the right occipital cortex, 
activities appeared after 0.3 sec in both tasks and 
lasted for more than 0.5 sec in both experiments. 
After 0.3 sec, the activities moved to the temporal or 
anterior region. The activities started in the lateral 
middle-to-posterior superior temporal cortex from 
the superior temporal sulcus to the Sylvian fissure in 
both tasks (6/8 subjects in Exp.I and 4/8 subjects in 
Exp.II in the left hemisphere, and 3/8 subjects in 
Exp.II in the right hemisphere). In the left 
hemisphere, these activities in Exp.II lasted longer 
for 0.7 sec than they did in Exp.I. In addition, the 
right insula was activated in both tasks. 

Further, additional activation occurred, particularly 
in Exp.II, in the left parietal/ temporal junction 
around the supramarginal gyrus (6/8 subjects), in the 
region of the left lateral anterior temporal cortex 
(3/8 subjects), and at the end of the right superior 
temporal sulcus (4/8 subjects). These activities 
lasted for long periods up to 0.8 sec. 

4 Discussion 

Activities from the left occipital cortex, which 
started at about 0.1 sec after the characters had been 
displayed and lasted until 0.40 sec, were observed in 
both tasks. It is thought that these early occipital 
activities may be associated with general analysis of 
the morphology of the visual form and/or some 
process involved in recognition of visual words. 
Moreover, left re-activity after 0.3 sec in Exp.II and 
right activities that started after 0.3 sec in both tasks 
were observed in the occipital cortex. The activity at 
late latencies in the left occipital cortex has not been 
reported in previous MEG studies. 
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Figure 2: Estimated ECDs for all subjects. The ECDs in the medial part of the brain are indicated by dotted- 
line circles, and the ECDs in the lateral part of the brain are indicated by solid-line circles. The latency of 
the ECDs is indicated by the painted pattern, a) Word categorization task, b) Word composition task. 


The regions in which activities were observed in 
both tasks were the left superior temporal area, 
including the lateral middle-to-posterior superior 
temporal cortex at the superior temporal sulcus to 
the Sylvian fissure, and the right temporal insula, 
both of which were activated at 0.3 sec after the 
characters had been displayed. In our previous study 
using a dual 37-ch SQUID system, the same left 
superior temporal and right insula were found to be 
activated [1], 

The left perisylvian area includes the primary 
auditory cortex and its posterior part, which may be 
the frontal part of Wernicke’s area. There have been 
many reports stating that this area is associated with 
the phonological process. Noninvasive studies using 
PET and fMRI have shown that the left lateral 
superior temporal region is not only activated by 
auditory word input but also by visually presented 
words. For example, a phonological decision on 
single letters requires the involvement of the 
secondary auditory cortex [4], and silent reading of 
words engages the left middle and superior temporal 
cortices [3], In a previous MEG study, the left 
perisylvian area was found to be activated during a 


visual word completion task [2], Studies on 
dyslexics showed that during passive viewing of a 
single word [5] or rhyming [6], brain activation was 
suppressed by impairment in the left temporal area. 
However, this area has also been reported to be 
involved in the lexical-semantic process [7] and in 
the word-specific semantic system [8], 

Activities in Exp.II were particularly notable in the 
left parietal/temporal junctions around the 
supramarginal gyrus, the left lateral anterior 
temporal cortex, and the end of the right superior 
temporal sulcus, which were activated after 0.3 sec 
for long periods of up to about 0.8 sec. 

Paulesu et al. suggested from their PET study that 
the supramarginal gyrus functioned as a 
phonological store of visual letters (consonants). 
This is a part of the articulatory loop in a model of 
verbal short-term memory [9], The results of a study 
using Japanese kana letters suggested that this 
region played a role in phonological transformation 
[10], In the present study, the word composition task 
(Exp.II) may require a great deal of phonological 
manipulation accompanied by verbal working 
memory. The observed ECD sources in the left 


supramarginal area suggest the involvement of this 
memory-related phonological process of visual 
words. 

The left lateral anterior temporal cortex was also 
activated, especially in Exp.II. In a clinical study, 
significant left anterior-lateral temporal atrophy was 
revealed in subjects with semantic dementia [11], 
and subjects with a lesion in this area had a defect 
retrieving names of person [12], The results of 
studies using normal subjects suggested that this 
area is involved in a part of a word-specific semantic 
network [8] or a level of linguistic processing 
beyond that associated with the lexical and semantic 
analysis of individual words [13, 14], In the present 
study, subjects may access the semantic concept of 
words in order to check whether the letters have 
some meaning or not, whenever they change the 
order of the three letters in the word composition 
task (Exp.II). It is suggested that the activities in the 
left anterior temporal area may be involved in the 
semantic network of language. 

5 Conclusions 

We compared responses in two tasks in order to try 
to determine the areas involved in the phonological 
process of visual words. Common activities in both 
tasks were found in the left superior temporal region. 
In the word composition task, activities were also 
observed in the left parictal/tcmporal junction and in 
the left anterior temporal cortices. It is thought that 
the left superior temporal region may be involved in 
memory-independent phonological processing of 
visual words and that the left parictal/tcmporal 
junction may be involved in the memory-related 
phonological processing of visual words. 
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